This paper studies the time-variant interactions among US stocks, emerging market bonds and US low-grade corporate bonds. All of these assets are characterized by a similar average return, but returns are far from being perfectly correlated. Therefore, investing in these different assets provides substantial diversification benefits. What is more, most correlations among assets do not increase, rather decrease, during financial crisis.
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This paper studies the most important assets in the high yield market and interactions among them. These assets are US stocks, emerging market bonds and US low-grade corporate bonds. All of them are characterized by a similar average return, which makes them close substitutes for long-term investors. However, returns are far from being perfectly correlated, hence, investing in different assets provides diversification benefits. The size of potential diversification benefits is determined by the correlations among asset returns.
In what follows a thorough analysis of returns, volatilities and their correlations is performed. In particular the possibility that returns, volatilities and correlations depend on the state of the economy is explored. One such hypothesis to be tested is that in times of a crisis in one market correlations and volatilities in all markets are high and returns are low.
Whereas in "normal" periods volatilities and correlations are rather low.
The present work is not only relevant for portfolio choice and risk management, but also for issuers of bonds, like companies and governments in emerging markets. Given that high yield markets are integrated, news in one market is expected to affect the other markets quickly. For example, the recent accounting scandals in the US clearly have affected the US stock market, but might also have had strong impacts on emerging market bonds. 1 This paper looks carefully at such interactions.
The US stock market has been extensively studied in the literature, but not much research has been done on low-grade corporate bonds and emerging market bonds. In particular, I
am not aware of any detailed study on spillovers across these markets. Nevertheless, these markets become more and more integrated and therefore spillovers are most likely to increase as well. For example, from 1998 to 2002 investment in emerging market bonds by "cross-over" high-grade investors has more than tripled, whereas the investment by dedicated emerging market funds has gone down to one third (World Bank, 2003) . Basic evidence for linkages across high yield markets can also be found in ECB (2003) and IMF (2003) . Erb et al. (2000) touch the issue by providing basic statistics on emerging market bonds and some correlation analysis. Blume et al. (1991) give many interesting insights into the return and risk of low-grade corporate bonds. There are some detailed studies on linkages among markets. They do not tackle the assets of interest in this study, but the interaction among different asset classes is recognized and explicitly modeled. Fleming et al. (1998) investigate volatility linkages and Rigobon and Sack (2003) identify the contemporaneous interactions between prices. Both studies use data for the US stock, treasury bond and bill markets. Closer to our point of interest is Kaminsky and Reinhart (2002) who study co-movements in several assets for various countries. However, they limit themselves to a fairly small sample period of two years and a half. Whereas these authors date peaks in interest rates and spreads and perform a principal component analysis, the present analysis applies more formal techniques to investigate linkages across markets.
Models which allow for switches in regimes are very well suited for the proposed investigation on spillovers. Hamilton and Susmel (1994) apply such a model to volatility of returns on the US stock market. Ramchand and Susmel (1998) analyze regime dependent cross correlations among stock markets. Edwards and Susmel (2003) estimate regime-switching models for the interest rate volatility of various emerging countries.
In section I the data is described. Section II proposes a multivariate model to estimate time-varying correlations directly. In order to define high and low volatility states endogenously, section III uses univariate regime switching models. Section IV applies bivariate regime switching models. A bivariate regime switching model allows to test whether correlations among assets change with changes in the volatility states. Section V discusses in detail some periods of high volatility, namely the Mexican (1994), Asian (1997) , Russian (1998) , and Brazilian crisis (1999) and the accounting scandals in the US (2001 and 2002) . Finally, section VI concludes.
I. Data description
Daily data from 4/1/1994 till 26/6/2003 is used. All series are from Bloomberg. For the stock market the S&P index, a value-weighted index of the 500 largest companies listed at the New York stock exchange, is taken.
Emerging market bonds are represented by JP Morgan's EMBI Global (emerging market bond index global). This index tracks sovereign US dollar denominated bonds for emerging economies. Emerging economies are economies which are classified as low and middle income countries by the World Bank. The bonds included have at least two and a half years to maturity, a face value of over 500 million US dollar and they are liquid in the sense of having daily price quotes from at least one broker. JP Morgan also provides other emerging market indices, like the EMBI+ or the EMBI Brady Broad. However, correlations between these indices are around 0.99, implying any one can be chosen without substantially influencing the results. EMBI Global has been taken, because it is the one with the longest time series available. 2 High yield corporate bonds are bonds rated below BBB or Baa3, i.e. rated to be distinctly speculative or predominately speculative. These bonds are also known as junk bonds, noninvestment grade bonds and low-grade bonds. In the present analysis one particular high yield corporate bond is used, namely the bond rated B2. This bond's average daily return is very close to the average daily return of stocks, which make them easy to compare. Note, however, that the yields on corporate bonds are highly correlated. Correlations between distinctly speculative bonds (BB1 to B3) range from 0.83 to 0.95.
All three series, S&P index, EMBI Global and B2 corporate bond yield are plotted in figure 1. Eye-balling the graphs it can be seen that both, the stock market and the emerging bond market index increased substantially over the sample period. However, there have been major downwards moves, some of them occurring at the same time. Low-grade corporate bond yields are showing pronounced spikes, most of them are related to price decreases in the other markets.
The subsequent analysis concentrates on three asset classes, represented by the S&P 500 index (denoted as SP ), the emerging market bond index (EMBI) and the index for low-grade corporate bonds rated B2 (B2). Daily holding period returns are shown in figure 2. Holding an asset for n days is said to give an n-days holding period return. The holding period return 4 for n days at date t, hpr t , is defined as an asset's price at time t, over its price at t − n, hpr t = 100 * ³ P t P t−n − 1´. Holding period returns are easily computed for SP and EMBI, where price data is available, but for B2 only yields are given. However, for bonds with long maturities there is an approximate way of computing holding period returns from yields.
The corporate bonds used here have maturities of ten years, therefore, this approximation is appropriate. For y t being the yield of an asset (e.g. 1.01, measured for n/360), the n-days holding period return at t is given by hpr t = 100 * ³ y t−n y t + y t−n − 1´. The estimated model follows closely Bollerslev et al. (1988) . Daily holding period returns for the different assets at date t are denoted by the vector y t ,
The model is then
with c being a vector of constants and φ the vector of parameters on lagged returns. Parameters in the volatility equations are given by matrices Ψ, A and B. Diagonality is imposed on matrices A and B. Innovations are denoted by ε t and vech( . ) stacks the lower portion of a symmetric matrix into a vector.
The models for all frequencies are reasonably well specified. Table IV shows basic statistics for standardized residuals and squared standardized residuals. Standardized residuals for asset
[ Insert table IV about here] The estimated standard deviations of daily returns are shown in figure 3 . As expected, several periods of high volatility are identified for each asset class. Although some of these high volatility periods coincide across assets, many of them are asset specific. In Instead of defining high and low volatility states ex-post, it is possible to estimate the probability to be in each of these states endogenously. Hamilton (1989) was the first to propose such a regime switching model. Hamilton and Susmel (1994) applied this methodology to conditional volatility. A similar model will be used in this section as well. The switching ARCH (SWARCH) model for each asset, y t {SP t , EMBI t , B2 t } , is given by
.., q, and s t = 1, 2, ..., K,
where γ's are scale parameters to capture the change in regime. One of these scale parameters is unidentified, and therefore set equal to 1. In this model changes in regime occur only in the volatility equation. The mean parameters, c and φ, are assumed to be constant. The state of the economy, the regime, are denoted by s t and are assumed to be the outcome of a K-state Markov chain:
The probability that state i will be followed by state j is described by p ij . This transition probabilities from one state to another are assumed to be constant. The switching model is estimated by maximum likelihood. The model also allows to compute probabilities of being in a certain state. Smoothed probabilities, p(s t = j|y t , y t−1 ), are then inferences about the state of the economy at date t, using data over the full sample.
B. Estimation results
Weekly holding period returns are used to estimate the regime switching models. The number of regimes, K, has been tested for all returns. 4 All assets are best described by a model with three regimes, K = 3. Concerning lagged innovations, only the parameter a 1 is significant, that is, only innovations lagged by one period affect volatility. Therefore, the best model is a SWARCH(3,1). As can be seen in table X, no serial correlation is left in the residuals. All switching parameters, γ st , are significantly different from one in all series.
Volatility is around 3 to 4 times higher in regime 2, the moderate volatility state. However, in regime 3, volatility is more than ten times the volatility of a normal period. For emerging market bonds, volatility multiplies by 40 in times of a crisis. The estimated values for the transition probabilities are reported in table XI. A few probabilities hit the non-negative constraint and are therefore imposed to be zero. 5 [Insert table XI about here] Figure 5 shows the smoothed probabilities for being in the high volatility state. It is clearly visible that the three asset classes share periods of high volatility. In particular during the Russian crisis, in August 1998, probabilities to be in the high volatility state are estimated one or close to one for all assets. US stocks and corporate bonds share the high volatility regime during the accounting scandals, in July 2002. However, the interesting question is if correlations among these assets increased during periods of high volatility. Table XII reports correlation coefficients for the different states. The economy is said to be in a certain state if the smoothed probability of being is this state exceeds 0.5 (see Hamilton, 1989) . There is strong evidence that correlations decrease in times of high volatility.
[Insert table XII about here]
Applying regime-switching models to characterize volatility states, and computing correlations conditional on these states, confirms the results obtained in the previous section.
Nevertheless, in this framework it is not possible to test if correlations decrease significantly in periods of high volatility. The next section proposes a bivariate regime switching model to address this issue.
IV. Bivariate regime switching models A. A volatility model
The here described bivariate regime switching model allows to estimate volatility states and correlations across states jointly. However, the estimation of this model is rather complex and intensive in computation time. Weekly holding period returns are used and the sample size is restricted to start in January 1996, and ends, as in the previous sections, in June 2003.
For this shorter sample period assets are reasonably well described by two regimes, a high and low volatility state. In the bivariate model, with two volatility states for each assets, there are four primitive states s *
The system can be written as
where
t ] is a 2x1 vector of returns for two assets; c = [
, and
t ] is a vector of disturbances which follows a bivariate normal distribution with zero mean and time-varying conditional covariance matrix H t . The conditional covariance matrix H t is a constant correlation matrix, with the diagonal elements following a SWARCH process. The SWARCH equations are similar to the univariate model of the previous section, as outlined in equation (3). The correlation coefficient, ρ st , is state dependent. To keep the system tractable correlations in state 1 and 2 are equal; accordingly, correlations in state 3 and 4 are the same. In other words, correlations vary only with the state of the first asset in the system. The probability law causing the economy to switch from one state to another follows a Markov chain, P * , with a typical element given by P ROB(s * t = j|s
This is a very general specification, as discussed in Hamilton and Lin (1996 Panel B shows the same information for the Asian crisis, dated as the US stock market crash of October 27, 1997, which followed a series of devaluations in Asia. The picture here is different. In the run-up to the crisis correlation coefficients across all markets are high. After the crisis only the correlation between SP and EMBI stays high, whereas the correlations with B2 turn strongly negative. Volatility jumps up for both SP and EMBI, and to a less extent for B2, as well. The Asian crisis was probably one of the major financial crisis in the 1990's.
Asset returns during this period are correlated, but they are far from perfectly correlated. In addition, some correlations turn negative after the peak of the crisis. 
VI. Conclusions and further research
This paper studies the most important assets in the high yield market and interactions among them. These assets are US stocks, emerging market bonds and US low-grade corporate bonds. All of them are characterized by a similar average return, which makes them close substitutes for long-term investors. However, returns are far from being perfectly correlated, hence, investing in different assets provides diversification benefits. The size of potential diversification benefits is determined by the correlations among asset returns. Jan-94 Jan-95 Jan-96 Jan-97 Jan-98 Jan-99 Jan-00 Jan-01 Jan-02 Jan-03 
